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RELATION OF COST OF ROADS TO THE TRAFFIC.
By T. R. Agg,
Professor of Highway Engineering, Iowa State College.
In economic comparisons of the various means that may he 
available or may be made available for conducting highway 
transportation there must be consideration not only of those 
costs that accrue on account of the vehicle, but also the highway 
costs. Actually these are closely related and quite often vary 
together. The total, or more properly the true cost of highway 
transportation is a combination of vehicle costs and highway 
costs and neither is complete without the other.
It is difficult to ascertain the true cost of highway transpor­
tation because the vehicles are under the ownership of millions 
of individuals, most of whom make no attempt to keep records 
of the cost of vehicle operation and the roadway is publicly 
owned and is administered by officials who may or may not keep 
complete records of cost, (usually they do not).
The mutual adaptation of road and vehicle to the end that 
transportation costs will be a minimum is almost wholly im­
possible under these conditions. To begin with, authoritative 
data on costs is lacking and officials cannot therefore determine 
with certainty what policy to adopt, and even if they did formu­
late a policy, the administrative problem of securing harmonious 
and concerted action by the builders of highways and the manu­
facturers of vehicles is a tremendous one. The matter is still 
further complicated by the fact that both groups (public officials 
and vehicle manufacturers) must in the last analysis depend up­
on public support to make their actions effective. The public 
cannot sense that there are broad economic problems involved 
in the development of a highway system and can but dimly 
comprehend the basic principles when they are expounded.
The public cannot by any stretch of imagination be con­
ceived to have more than a remote conception of the economic 
loss that results from improper highway design or construction. 
This loss is unquestionably enormous but it is made up of mil­
lions of small items that are concealed in those every day ex­
penses of vehicle operation or road maintenance that are taken 
as a matter of course. The only barrier to the indefinite con­
tinuation of this economic waste is the predilection of the engi­
neer to constantly improve his work out of sheer love of doing 
things as nearly correctly as his working relations will permit.
The following discussion of the economic principles involved 
in providing highwav transportation at the minimum cost must 
therefore concern itself with both vehicle costs and highway 
costs.
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The development of highway systems in the United States 
lias reached the stage where some clearly defined method of 
ascertaining the influence of the various types of roadway sur­
faces upon transportation costs is needed to assist officials in 
solving properly a number of questions of administration and 
finance. It would be particularly helpful in connection with the 
selection of types of surfacing and the establishment of fair 
rates of tax imposts on vehicles, where that method is adopted 
for securing funds for the construction and maintenance of high­
ways.
It is becoming the policy of many highway departments to 
proceed on the theory that a considerable part of the cost of the 
construction and maintenance of highways should be borne bv 
vehicles that use them. It often happens that types of roadways 
are constructed, or old roads continued in service, that require 
maintenance expenditures in excess of the service value of the 
roadway surface and therefore place an undue burden on the 
maintenance funds.
In the past it has been the custom to assume that in general 
a road surface was worth its first cost, and that the relative 
values of various classes of highway surfaces were correctly 
indicated by their relative prices. Now it is beginning to be 
recognized that price is merely one factor to be considered in 
comparing types of surfaces, and that the actual value of the 
surface is dependent upon factors only indirectly related to first 
cost or contract price.
Value is defined in various ways in dictionaries, and, with 
reference to its use in the science of valuation, by authors and 
authorities on valuation. Nearly all of the definitions that appear 
in treatises on the science of valuation carry the idea that value 
is related to income producing ability and, since highways do 
not produce income in the commercial sense, it is necessarv to 
arrive at a somewhat different conception of value as applied to 
public highways. This may be accomplished by considering that 
highways are intrinsically valuable because they are an essential 
element of a service people desire and are willing to pay for.
The value of a specific roadway surface depends upon its effect 
on the cost of transportation. The determination of appropriate 
improvements for a specific highway and the selection of types 
of surfaces becomes a problem of evaluating the effect of those 
improvements on the cost of highwav transport.
There is not at present sufficient available information to 
permit accurate transportation costs to be established but there 
are fragmentary data that permit of comparisons that are con­
siderably better than outright guesses. When more attention 
is given to the analysis of highway transportation costs, there 
will be more systematic cost keeping and the basic data needed 
will gradually become available.
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Since the highway transportation plant may not be operated 
for direct profit, its value cannot be based upon ability to pro­
duce income but may be expressed in terms of the quantity of 
transportation service produced per unit of expenditure. Ob­
viously the cost of transport will depend in part on the type of 
vehicular equipment, but considering the equipment existing in 
any locality, comparative values for various types of highways in 
that location may be estimated.
If it be admitted that the value of a highway is measured 
by the quantity of service it renders per unit of expenditure 
there remains the need for adopting some measure of this service 
that will take into account variations in width of highways and 
density of traffic. British engineers express this quantity in 
terms of annual cost per sq. yd., per ton of traffic per yard of 
width, but it appears that a more convenient unit for use in the 
United States would be annual cost per mile of surface one foot 
wide, per ton of traffic per foot of width, or more concisely, 
annual cost per unit of road, per unit of traffic.
A unit of this character presupposes that there is a reason-, 
ably definite life tonnage for each type of construction. In any 
one locality the traffic is reasonably stable in character and it is 
probably true that for any specific type of construction there is 
a reasonably definite life tonnage, but since deterioration of a 
road surface is in part due to the elements and in part due to 
kind as well as quantity of traffic, that type might not have an 
identical life tonnage in all localities. It is also probably true 
that the life tonnage will depend somewhat upon the annual 
tonnage, since deterioration is in part a function of time. Cer­
tain types of roadway surface deteriorate more rapidly if there 
is no traffic than if there is a reasonable amount of traffic and 
with nearly all types of pavement surfaces the cost of mainten­
ance per unit of traffic decreases with an increase in traffic, at 
least up to a certain critical traffic density.
Having determined the vehicle cost per ton-mile for any 
type of surface and the cost of the highway per ton of traffic, 
the total cost of highway transport is obtained by adding the 
two quantities. Since this quantity will vary with the volume 
and character of the traffic, general tables cannot be prepared, 
but must be computed for each group of highways of compara­
ble nature. To illustrate the results of such an anlysis Table I 
has been prepared which is applicable to many highways in the 
upper Mississippi Valley. Care should be exercised to insure 
that vehicle operation costs applicable to the locality are used.
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Table No. I.
Total Annual Cost of Transportation in Dollars Per Mile.
(Assuming 90% of tonnage is automobile and 10% truck. 50% 
of trucks on pneumatic tires, and 50% on solid tires.)
Annual Traffic In Tons 36,000 90,000 180,000 270,000 450,000 640,000
Ordinary Earth _____________________
Best Earth _____ ___________ _____ ___
Ordinary Gravel ____________________
Rest Gravel ____________________ ____
W. R. Macadam ....................... ....... .........
Bit. Macadam .......... ............ ....................
Sheet Asphalt _______ ______ _______
Asph. Concrete .......... ......................... __
Av. P. C. Concrete ........ ........................
Rest P. O. Concrete ________________































































Editor’s Note: A more complete presentation of this subject including several
diagrams and tables will be found in an article by Professor Agg in the “Engineering 
News-Record” of January 10, 1924.
DEVELOPMENT OF HIGHWAY SURFACES.
By C. M. Upham,
Chief Engineer, North Carolina Highway Commission.
In North Carolina every attempt has been made to immedi­
ately apply the results of research. Almost every step in con­
struction is being studied in detail and when anything of value 
is discovered, it is immediately applied to construction on a large 
scale.
Possibly the road that can he considered as the most im­
portant in road building and the one that gives the best road 
service is the one that is termed the development road. A com­
munity usually undergoes a rapid development immediately af­
ter roads are constructed. In some communities this develop­
ment does not take place for several years and in others it takes 
place immediately after the roads are' improved. Therefore, the 
development roads, regardless of what type is selected, must be 
constructed in such a manner that they may be improved to the 
next higher step of road construction, so that when the communi­
ties develop it is possible to better the road without losing that 
part of the road that is already constructed. Progressive tvpe 
roads take care of this feature.
In many states development roads are being constructed 
largely from local materials. In North Carolina the sand asphalt 
roads are becoming one of the chief development roads. This 
road is being constructed in the communities where there is an 
abundance of sand. A road of this character contains approxi­
mately (>2 percent sand and 8 percent asphalt; therefore, 92 per­
cent of the road is of local material. This road is being con­
structed single and double track at a cost of $1.38 per square 
yard to $1.90 per square yard. Hard surface roads in these com­
munities would cost from $2.80 to $4.50 per square yard. The
